The genus Peptostreptococcus as currently constituted consists of a group of obligately anaerobic gram-positive cocci which is phenotypically very diverse (2, 10, 19) . In addition to considerable metabolic diversity, members of the genus have been shown by nucleic acid analysis to be phylogenetically heterogeneous (2, 11, 15, 22) . In particular, Peptostreptococcus anaerobius, the type species of the genus Peptostreptococcus, is phylogenetically far removed from other peptostreptococci (11, 22) and exhibits a close affinity with certain clostridial species (Clostridium rRNA cluster XI, as described by Collins et al. [2] ). Peptostreptococcusproductus has been shown to be a close phylogenetic relative of Clostridium coccoides and Streptococcus hansenii (Clostridium rRNA cluster XIVa [2] ), whereas the majority of peptostreptococcal species form a phylogenetically distinct group closely related to Helcococcus kunzii (Clostridium rRNA cluster XI11 [2] ). At present, the genus Peptostreptococcus comprises 13 species (5), but unnamed groups of strains which may constitute additional species have been described (15, 19) ; the species Peptostreptococcus asaccharolyticus and Peptostreptococcus prevotii are recognized as genetically heterogeneous taxa (5, 9, 10, 14, 19, 23) .
In a study of more than 250 human clinical and reference strains of peptostreptococci, approximately 20% of the organisms could not be identified to the species level (19) . When the whole-cell compositions of 127 peptostreptococci, most of which were from this collection, were investigated by pyrolysis mass spectrometry (PyMS), the results confirmed the presence of several unrecognized taxa (18) . One group corresponded to Hare group VIII (24) , which has not to date been validly named. In this study, PyMS was used to select seven representative strains from Hare group VIII and two other previously undescribed groups. We performed additional biochemical in-vestigations on these strains, compared their phenotypic characteristics with the phenotypic characteristics of appropriate type strains of species of the genus Peptostreptococcus, and determined their phylogenetic relationships by performing a 16s rRNA gene sequence analysis. On the basis of phenotypic and genotypic criteria, the following three new species are proposed: Peptostreptococcus harei, Peptostreptococcus ivorii, and Peptostreptococcus octavius.
MATERIALS AND METHODS
Investigation of whole-cell compositions by PyMS. The 127 strains investigated by PyMS comprised 101 clinical strains and 26 reference strains included for comparison. Ninety clinical strains were selected from a previously described collection (19, 20) of 256 strains from St. Bartholomew's Hospital in London, United Kingdom; these strains were chosen to represent the full range from biochemically typical strains to highly atypical strains. They were supplemented with 11 strains isolated at Southmead Hospital in Bristol, United Kingdom; 7 of these strains resembled Peptostreptococcus tetradius, 1 resembled Peptostreptococcus indolicus, and 3 resembled Peptostreptococcus hydrogenalis. The reference strains were acquired recently from appropriate reference collections and included the type strains of Peptococcus niger and all recognized species of the genus Peptostreptococcus. The methods used for PyMS have been described elsewhere (8, 16, 17) . Briefly, growth from blind-coded cultures of the 127 strains was sampled in quadruplicate and placed on pyrolysis foils (Horizon Instruments, Heathfield, United Kingdom). Each foil was processed in a PyMS model 200X pyrolysis mass spectrometer (Horizon Instruments), in which the foil and specimen were heated in a vacuum to 530°C for 4 s. Volatile products were subjected to low-energy electron impact ionization (35 eV), and the ions produced were separated and quantified with a quadrupole mass spectrometer. The spectra produced were recorded, and mean strain spectra were compared statistically by using the Discriminant Analysis procedure of the SPSS-PC suite (1). The resulting dissimilarity matrix was visualized as a dendrogram by using the Clustan 2-PC suite (25) .
Biochemical and physiological characterization. Seven strains were selected for further biochemical and genetic analysis ( Table 1) . The strains were first characterized by previously described methods (19) . Briefly, we determined the cellular and colonial morphology, the preformed enzyme profile (PEP) with the ATB 32A commercial system (API-Biomerieux, Basingstoke, United Kingdom), and the volatile fatty acid (VFA) profile by using gas-liquid chromatography (10, 19) . The ATB 32A kit was used to detect production of indole, urease, alkaline phosphatase (ALP), and arginine dihydrolase (ADH). Tests for carbohydrate fermentation (acid production) were then performed in 3-ml volumes of Fastid- , and the change in pH was compared with the change in pH of an inoculated, incubated culture in FAB containing 0.1% Tween 80 but no added carbohydrate. All of the strains tested produced heavy turbid suspensions in broth after a maximum incubation period of 72 h. The presence of coagulase activity was determined by using rabbit plasma (Difco, West Molesey, United Kingdom). A heavy suspension of a 48-h culture harvested from a Fastidious Anaerobic Agar (LabM) purity plate was prepared in 0.2 ml of sterile distilled water. Then 0.5 ml of reconstituted rabbit plasma was added, and the mixture was incubated at 37°C for 4 h. A positive reaction was a reaction in which the plasma was converted into a stiff gel. All negative test preparations were left at room temperature overnight and reexamined. P. indolicus NCTC 1108ST was used as a positive control, and a known coagulase-negative strain and uninoculated plasma were used as negative controls. Nitrate reduction was determined by using 3-ml portions of indole-nitrate medium (Becton Dickinson, Cockeysville, Md.) containing 0.1% (volivol) Tween 80 that were incubated anaerobically at 37°C for 48 h (3); known positive and negative strains were used as controls.
Determination of base composition of DNA. Cells grown anaerobically in FAB were harvested by centrifugation, and the cell pellet was washed in TES buffer (0.05 M Tris-HC1, 0.05 M NaCl, 0.005 M EDTA), pH 8.0. Cell lysis, DNA extraction, and purification were performed by a modified method based on the method of Garvie (7); 1,500 U achromopeptidase (Wako Pure Chemical Industries, Ltd., Osaka, Japan) per ml of cell suspension was added, but the sodium deoxycholate treatment was omitted. Base compositions were determined by thermal denaturation in 1 X SSC (0.15 M NaCl plus 0.015 M trisodium citrate, pH 7.0) performed with a model 240 spectrophotometer (Gilford, Oberlin, Ohio) at 260 nm and by using a Gilford model 2527 thermoprogrammer (heating rate, 1"Cimin). The G + C content was calculated by the method of Owen and Hill Determination of 16s rRNA gene sequence. Samples of DNA were prepared from seven selected strains by using the method of Lawson et al. (13) . The 16s rRNA genes were amplified by PCR by using conserved primers pA (5'-AGAG TTTGATCCTGGCTCAG; positions 8 to 27 [Escherichia coli numbering]) and pH* (5'-AAGGAGGTGATCCAGCCGCA, positions 1541 to 1522) as described previously (12) . The PCR products were purified by using a Prep-A-Gene kit (Bio-Rad, Hercules, Calif.) according to the manufacturer's instructions and were sequenced directly by using the primers described by Hutson et al. (12) , a Dye-Dideoxy terminator cycle sequencing kit (Applied Biosystems, Inc., Foster City, Calif.), and a model 373A automatic DNA sequencer (Applied Biosystems, Inc.).
Phylogenetic analysis of the sequence data. Phylogenetic analyses were performed with the Genetics Computer Group package (4) and the PHYLIP phylogeny inference package (6) . Reference 16s rRNA sequences were retrieved from the EMBL and GcnBank data libraries and were aligned with the newly determined sequences by using the program PILEUP (4). The rRNA alignment was corrected manually, and approximately 100 bases at the 5' end of the (21) . molecule were omitted from further analyses because of alignment uncertainties. A distance matrix was calculated with the programs PRETTY (4) and DNADIST (6) by using the Kimura-2 parameter, and a phylogenetic tree based on neighborjoining method data was constructed by using the program NEIGHBOR (6) . The stability of the groups was ascertained by performing a bootstrap analysis (500 replications) with the programs DNABOOT, DNADIST, NEIGHBOR, and CONSENSE (6) .
Nucleotide sequence accession numbers. The 16s rRNA gene sequences of P. harei DSM 10020', P. ivorii DSM 10022T, and P. octuvius NCTC 9810T have been deposited in the EMBL data library under accession numbers Y07839, Y07840, and Y07841, respectively.
RESULTS AND DISCUSSION
In a study of peptostreptococci isolated at St. Bartholomew's Hospital in London, United Kingdom (19), 256 strains from human clinical material were investigated, of which 22% could not be assigned to previously recognized species. Therefore, 127 strains (101 clinical strains and 26 reference strains), most of which were from this study, were selected for an analysis of their whole-cell compositions by PyMS. Figure 1 shows the clustering of these strains. A group of nine strains formed a distinct cluster (designated PyMS cluster 18) which was separate from other peptostreptococci, including P. asaccharolyticus (Fig. 1, cluster 1 ). These nine strains exhibited biochemical similarities with typical strains of P. asaccharolyticus but were readily distinguished from all of the other peptostreptococcal strains studied. On the basis of the PyMS data, two representative strains from this cluster (strains DSM 10020T and DSM 10021) were selected for further study. A group of three strains, cluster 22, was readily separable from all other PyMS clusters, including the type strain of P. anaerobius, NCTC 11460 (cluster 25), to which it exhibited some phenotypic resemblance. However, the strains of cluster 22 produced a distinctive PEP ( Table 2 ) and were unique in forming isovaleric acid as their terminal VFA. Strains DSM 10022T and DSM 10023 of cluster 22 were selected for further characterization. Four strains formed a homogeneous group, designated cluster 9, which was distinct but was part of a compositionally similar complex of clusters ( Fig. 1) containing the type strains of P. prevotii (cluster 4), Peptostreptococcus vaginalis (cluster 6), P. tetradius (cluster 7 ) , Peptostreptococcus lactolyticus (cluster lo), and P. hydrogenalis (cluster 11). Although the separation of this group is visually less apparent on the dendrogram in Fig.  1 , an examination of the dissimilarity matrix, a Normix analysis, and identification analyses showed that cluster 9 was distinct. The four strains of cluster 9 exhibited a unique PEP and formed n-caproic acid as their terminal VFA (see below). Strains NCTC 9810T, NCTC 9820, and DSM 10024 were typical of cluster 9 and were therefore selected for further analysis. Biochemical characteristics of the seven strains selected from PyMS clusters 18, 22, and 9 and the type strains of previously recognized Peptostreptococcus species are shown in Table 2 . The strains belonging to the clusters that were not selected for further biochemical and genetic analyses had biochemical reactions that were very similar to those of the strains chosen.
Strains DSM 10020T and DSM 10021 (PyMS cluster 18) were biochemically similar to P. asaccharolyticus NCTC 1 1461T, but were easily distinguished by their cellular morphology and colonial morphology. The cells of PyMS cluster 18 strains were ovoid, stained strongly, and varied greatly in size and shape, in contrast to the very decolorized, regular cocci of P. asaccharolyticus strains. The colonies of PyMS cluster 18 strains were translucent and flat and grew very slowly compared to the yellowish, umbonate colonies of P. asaccharolyticus strains. Strains DSM 10022T and DSM 10023 (PyMS cluster 22) were readily distinguished from other peptostreptococci by their production of isovalerate as terminal VFA, their PEP, and their inability to ferment any of the carbohydrates tested. Strains NCTC 9810T, NCTC 9820, and DSM 10024, members of Hare group VIII (PyMS cluster 9), resembled P. anaerobius NCTC 11460T in their ability to ferment carbohydrates, but were distinguished by the formation of n-caproate as terminal VFA and by the absence of the saccharolytic enzyme a-glucosidase. The cells of PyMS cluster 9 strains were regularly coccoid, whereas the cells of most P. anaerobius strains are highly pleomorphic.
The DNA base compositions of representative strains of the three PyMS groups are shown in Table 2 . The values obtained (25 to 31 mol%) are in good agreement with the values reported by Huss et al. (12) but are low compared to the values for other members of the genus cited by Li et al. (14) .
Representative strains of PyMS clusters 18, 22, and 9 were phylogenetically characterized by performing a partial 16s rRNA gene sequence analysis. Approximately 1,480 bases of the 16s rRNAs of representative strains of PyMS cluster 18 (DSM 10020T) and PyMS cluster 22 (DSM 10022T) were sequenced. Partial 16s rRNA sequences (approximately 450 bases, including variable regions V1 to V3) of strains DSM 10021 and DSM 10023 demonstrated that these organisms are phylogenetically highly related (level of 16s rRNA sequence similarity, 100%) to strains DSM 10020T and DSM 10022T, respectively. Approximately 1,400 nucleotides of the 16s rRNA of strain NCTC 9810T (PyMS cluster 9) were determined. The sequences of short fragments (approximately 600 bases) proximal to the 5' end of the 16s rRNA (including variable regions V1 to V3) of strains NCTC 9820 and DSM 10024 were found to be identical to the sequence of strain NCTC 9810T, which demonstrated the genotypic homogeneity of PyMS cluster 9. Preliminary phylogenetic searches revealed that the newly determined sequences were related to the sequence of Clostridium rRNA cluster XI11 (2), which includes most previously described Peptostreptococcus species. A detailed phylogenetic analysis was therefore performed with all members of this cluster together with representatives of Clostridium rRNA clusters XI and XIVa, which include P. anaerobius and P. productus, respectively. Figure 2 is a tree which shows the phylogenetic affinities of strains NCTC 9810T, DSM 10020T, and DSM 10022T based on a comparison of approximately 1,330 bases. It was evident from the treeing analysis and the sequence divergence values ( Table 3 ) that the three representative strains of PyMS clusters 18, 22, and 9 constitute three separate sublines within Clostridium rRNA cluster XIII.
Two strains of PyMS cluster 18 (DSM 10020T and DSM 10021) exhibited considerable phylogenetic divergence (approximately 11 %) (Table 3 ) from the phenotypically similar organism P. asacchurolyticus. The nearest relative of PyMS cluster 18 is Peptostreptococcus lacrimalis, but a sequence divergence value of more than 8% clearly demonstrates that strains DSM 10020T and DSM 10021 represent a species different from P. lacrimalis. The two representative strains of PyMS cluster 22 (DSM 10022T and DSM 10023) were phylogenetically distinct and exhibited more than 10% sequence divergence from previously recognized species of peptostreptococci. These data, in conjunction with the biochemical distinctiveness of the organisms ( Table 4 ), demonstrate that the PyMS cluster 22 strains represent a new peptostreptococcal lineage. Strains NCTC 9810T and NCTC 9820 correspond to what was previously designated Hare group VIII. In addition, strain DSM 10024 was also found to be a member of this group. The phylogenetic analysis demonstrated that these strains (PyMS cluster 9) are members of a small peptostreptococcal rRNA subcluster which also includes P. hydrogenalis, P. luctolyticus, P. prevotii, P. tetradius, and P. vaginalis (Fig. 2) .
Although the association of PyMS cluster 9 strains with these peptostreptococcal species was statistically significant, sequence divergence values of 5.2 to 8.3% ( Table 3 ) clearly show that this group represents a new species.
Based on the results of the present study, we believe that strains belonging to PyMS clusters 18, 22, and 9 form three phylogenetically distinct lineages that are worthy of species status. The names Peptostreptococcus harei (for strains of PyMS cluster 18), Peptostreptococcus ivorii (for strains of PyMS cluster 22), and Peptostreptococcus octavius (for strains of PyMS cluster 9) are therefore proposed. The species descriptions below are based on characteristics of the strains selected for genetic analysis (Table 1) . We recognize that the new taxa, along with all other species of peptostreptococci, are phylogenetically far removed from the type species of the genus, P. anaerobius. However, we feel that at present it would be premature to recommend a major taxonomic restructuring of the genus. Assignment of the three new species to the genus Peptostreptococcus is, in our opinion, phenotypically the most appropriate at present. However, we recognize that this assignment is a placement of convenience which in the future may require emendation as the taxonomy of the group is revised.
Description of Peptostreptococcus harei sp. nov. Peptostreptococcus harei (ha're.i., M. L. gen. n. harei, of Hare, a British microbiologist). Cells are strictly anaerobic, gram-positive cocci that vary considerably in size (diameter, 0.5 to 1.5 pm) and shape (circular, oval, or elliptical). Colonies on sheep blood agar are less than 1 mm in diameter after incubation for 48 h; after 5 days, they are approximately 1 mm in diameter, entire, flat, translucent, and nonhemolytic. Urease, ALP, coagulase, and ADH are not produced. Nitrate is not reduced. Indole and catalase production are variable. Acid is not formed from glucose, lactose, maltose, sucrose, raffinose, trehalose, sorbitol, cellobiose, arabinose, ribose, mannose, or mannitol. Acid formation from fructose is variable (one of the showing the positions of P. harei sp. nov., P. ivorii sp. nov., P. octavius sp. nov., and other Peptostreptococcus species belonging to Clostridium rRNA clusters XI, XIII, and XIVa (2). Significant bootstrap values (90% or more), expressed as percentages based on 500 replications, are indicated at the branch points.
two strains examined is positive). When the ATB 32A preformed enzyme system (API-BioMerieux) is used, the proteolytic enzyme arginine arylamidase (AMD) is present, but saccharolytic enzymes are not detected; production of the enzymes leucine AMD, tyrosine AMD, and histidine AMD is variable. The major VFAs produced in Robertson's cooked meat broth are acetic acid and butyric acid, and smaller quantities of propionic, isovaleric, and n-valeric acids are sometimes produced. P. harei has been isolated from antral washout specimens, pus from the peritoneal cavity, infected sacral sores, and abscesses of the face, neck, breast, and thigh, occasionally in pure culture (20) . The type strain, DSM 10020, was isolated from pus from an infected sacral sore of a diabetic patient; it was cocultured with Peptostreptococcus magnus, Enterococcus spp., and Prevotella melaninogenica. Strain DSM 10020T forms catalase but does not form indole or acid from fructose; the proteolytic enzymes leucine AMD, tyrosine AMD, and histidine AMD are present. The G + C content of the DNA of strain DSM 10020T is 25 mol%.
Description of Peptostreptococcus ivorii sp. nov. Peptostreptococcus ivorii (i.vo'ri.i. M. L. gen. n. ivorii, of Ivor, a British microbiologist who first isolated the organism). Cells are strictly anaerobic, gram-positive cocci which vary in size (diameter, 0.4 to 1.5 pm) and occur in clumps. Colonies on sheep blood agar are tiny after incubation for 48 h but by 5 days are 1 to 2 mm in diameter, yellow-white, low convex, entire, circular, and nonhemolytic. Indole, urease, ALP, coagulase, and ADH are not produced. Nitrate is not reduced. Catalase production is variable. Acid is not produced from glucose, lactose, maltose, sucrose, fructose, raffinose, trehalose, sorbitol, cellobiose, arabinose, ribose, mannose, or mannitol. When the ATB 32A preformed enzyme system (API-BioMerieux) is used, saccharolytic enzymes are not detected, and proline AMD is the only proteolytic enzyme formed. The major VFAs produced in Robertson's cooked meat broth are butyric and isovaleric acids, and smaller, variable quantities of acetic, propionic, isobutyric, and n-valeric acids are also produced. P. ivorii has been isolated from a leg ulcer, a preputial sac, and an intrauterine contraceptive device (20) . The type strain, DSM 10022, was isolated from a leg ulcer; it was cocultured with P. magnus, Klebsiella oxytoca, and Bacteroides ureolyticus. Strain DSM 10022T does not form catalase. The G+C content of the DNA of strain DSM 10022T is 29 mol%.
Description of Peptostreptococcus octavius sp. nov. Peptostreptococcus octavius (0c.ta'vi.m. L. adj. octavius, eighth, referring to the fact that the organism was previously assigned to Hare group VIII). Cells are strictly anaerobic, gram-positive cocci (diameter, 0.7 to 0.9 pm) that occur in clumps. Colonies on sheep blood agar are less than 1 mm in diameter after incubation for 48 h; after 5 days, they are 1 to 2 mm in diameter, yellow-white, glistening, circular, entire, and nonhemolytic. Indole, urease, ALP, coagulase, and ADH are not produced. Nitrate is not reduced. Catalase production is variable. Acid is produced from glucose, fructose, ribose, and mannose, but not from lactose, raffinose, trehalose, cellobiose, or arabinose. Acid production from maltose, sucrose, sorbitol, and mannitol is variable. The proteolytic enzymes proline AMD and pyroglutamyl AMD are produced as determined with the ATB 32A 
